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Abstract 



PROBLEM TO BE SOLVED: To provide a nitride semiconductor light-emitting device, which is enhanced in 
emission output and improved in electrostatic breakdown voltage by the use of an active layer of multi- 
quantum well structure, enabling wide application to various products. SOLUTION: An active layer 7 
containing InaGal-aN (0<=a<1) is of a multi- quantum well structure, and a P-type impurity-containing P- 
type clad layer 8 f multilayered film, composed of a first Al-containing nitride semiconductor layer and a 
second nitride semiconductor layer different in composition from the first nitride semiconductor layer or a P- 
type impurity-containing P-type clad layer 8 of single film which is formed of AlbGa1-bN (0<=b<1), a P-type 
impurity-containing lightly-doped layer 9 which is lower in P-type impurity concentration than the P-type clad 
layer 8, and a P-type impurity-containing contact layer 10 which is higher in P-type impurity concentration 
than the P-type clad layer 8 and the P-type low-concentration doped layer 9 are provided on the active layer 
7. 
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imsmi] mm±iz. nwm$vm#mt:-ftLx 
wgm zmx-tzmtttttzmtomTizts ^x. 

mS&ltmtiK I n a Ga,. s N (0ia<l ) *^LX 

a i i «s«¥3itt® fc , tm i oafcw* 

*LT>5:4pg!#JfPJf fc. 

^ct o fflafig-cp a^iHiit*rr* p k -t 

[ff3cJ»2] WfEpSfi«BEH-r*3&*A I.Ga,., 
N(0<s<0. 5) $££pSfl£«KK- 

[fM<JS33 «fflpIHSi«H-7 , lA J Al,Ga 1 . 1 

n ( o < s < o . 5 ) M*-&A,T&t&mimvt> 0 . 

S^trpSfiaKK-rJI^^A l «j«Jt#« lulB 

WIBffitt***. I n a Ga,. a N (0£a<l ) fc*X/C 

A l b G ai . b N (OSbgl ) *^"C$r9pg>F*6S» 
KpffliimWWtfc:. l9IEpa*-BWI^)pffl^»eft« 

s«t o . mm.xpw?mmzttth pwwm. f- 

KpafiJMEH-r«±t=. miP^-mmm/pm. 
mm. v-Tmn p m^uwmz o . *«arrp 

[ft*5!5] WKpSft»lSK-rJi*«Al,Gai.. 
N(0<s<0. 5) *»4>5fir"9. S^fclWSBpfflfiiiie 

H-r*coA i ffljfijt**. tfrffipm*-iiSc7)A i fflfig 

[fS*^6] «rEpStt«jKH-r«*«Al,Ga,_, 
N ( 0 < s < 0 . 5 ) 8 £l£A/C=$: 4 0 , $ 



[ aft&i 7 ] Hine p Mffiaus f-ts^p sprm* 
a*. mriepM#-eji«tmiiepS3y^^h«i:*^fe 
mzx*)^^tu^i,<o. ximiipmm-mmtpm 

t zmib -t&mim 1-6^3 lotettoaft 

«fflpa*JMW<3pS^ft«K#. 
5X10"-1X1 0"/cm*X°h&Zb£&mbT 

immi9i mzpm&-mmnpm^mMm.tiK 

5X1 0"— IX 1 O^VcmJfftSIiJtttt 

imsmi 0 ] i«ieps<£-«jg H-7f<ops^«» 

1 X 1 0 19 /cm3*}HT'?>S^t^!ttiSht- 
Ixl0'«-5xl0 21 /cm3tib5:i:^ 

in&mi 2 3 lufBnMa-f^^^ei: lt. t>- 

h' -r Oa-fcWNMW*** &4 T/l . niTOWK- 

7°$ fix v * 4 a-ftfe^**^^ 4 4>ras . Rtf r y h 
-r<7)a^*##:*^^:4±Jic7)^-^< t i> 3Mtfm 
izmmztixKz nig 1 ^mmm^-th ; t *i$a 
-f 4M*js 1 ~ 1 1 co 0 -hcD 1 ^ztmcomm^m 

[ If 1 3 ] ffifffiS«Lhfc*fc: . 7>F-7GaN 

a-fk^^^?-. 

[ i»*js 14] lute n mm 1 #/UBUl#>\ HUE n S3 

ft^ff*^ 2-2 OfimX'hZ Z b £ftWlb^$>m$: 

mi 3iztm<nmm*mtem^-. 
»ifis*ut«^F«a<ojstt* b . piifflf«ft 

*^=5r"9MieJSttJl±{c^$ix^mi Pllt. p! 

mim?mm>t>% k> mmm 1 p aiiic»js«wi p 

mrlEpS^y^^hatBine^l piSJ:«?^l: 

amt*«K{iWE psa^^h est/ «r iem 1 p s 

B*^ /f $ ^T(6] tcH^ 4 tc^o T -fit 4 «UK 

^Sr*L, ^^aK^tfetttft/hpS^ttWaWE 
lilxi 0> 9 /cm3*^T'J>4i b&Mkb-t&att. 
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imm 1 6 ] i?iepSiKjg« h-taki. iuibpS 
^v9 9 t-stftriemi pii^fcryK-ritt 

hil^BiilSmi P^«*^pM^^^JS«j!-r-i» 

<r t iz J: o^^a^tf^Ji i sieaacoa-ft^^fl^ 

1 7 ] tiery f -y°mim*mfr®<r>mm 
mzxh^mmnpWT-mnmsz&i x io i8 a 

1 m?m 1 8 ] mne«tt«*\ ^ < t *> i oco i n 

a Ga,- a N (0Sa<l ) «$r#tf^a*^F#F«jiT- 

& £ 1 5 ~ 1 7 <r> o *><n\ ^-rtifr i izim^m-it 

iWim 1 9 ] MfBpMffiifLg H-7*JW4, S^tefi 
JS 1 5 - 1 8 co 3 *>Ot ^-ttxfr 1 EKffifWEMSIMs** 

[ m%m 2 o ] mi esi i p mm& a i * ^trnHns i 
5 ~ i 9 co 3 ^co v vm*> l Etea^sflsft^wMSB 

[ffl*JR2 1 ] MIBIfS 1 Pii* 5 , a l fc-atrSS 1 <r> 
<7)^< i; t>— fjlzpM^m^isA,X'^ pMco^M 

mm-cb&m&i 2 0 w&^mm^mwwm^. 

[ If 2 2] MIS P S<£fflK F -TJi^G aNH 
3r&fll:£Jf 2 0Xti2 1 fcK»02fl;tt¥IWfc*?. 

[ »*3S 2 3] flTKp H -7-mtfA 1 , G a 

!- s N(0<s<0. 5 ) Kpffi«««F- 

tbcoa i ffiauta*. MEpffio^a&aco^fiOA i 

c mm 24] mrie p f -tm^a i . g a 
!- s n<o<s<o. 5 ) mz^AsX-z&zmmx'hi 
x. Bufepffli£igJKK-rew%7)A 1 m 

2 0XJ42 1 tffimcoa^^f^^. 

[ 2 5] frie p mmstig. f ai 5 g 

ai-.N (0<s<0. 5 ) »tGaNJlfc*^JI$/l 
coa^^tt*>^&±«co4^< fc t 3JBsWUc« 

4I**jii 5-2 5co3^<9vvma>i-3£!eattfoa-ffc: 

[»*«2 7] |iflSnMa^*»**{inS^^ 



Z>Zk£ft&b-f&n$imi 5~2 6co3*>covvffi*> 

[ff*j|2 8] minsmi^mmatfi. m&nmzj 
>?7bm±izBf$.ztixt5 t ). mzmiT^v-y-G 

i%2 7 izimcomitvnmgtm?. 

[000 1] 

(led) . u-Hf^^^-H (ld> . ±mmm. % 

M¥«f|c(M^tir. I n x A l Y Ga,. x . Y N, 0SX s 0 
*SY. X+Y^l ) 3|fF(CW-r4. 
[0002] 

[t«*c0S^j] a-ftft¥*«iK«S»feLED. ^ 
feLEDcoW^i: tT, 7/^5-LEDf < XTV 

^tt^><7)LED^(iS*^itk 
LT. t7r>f7lS±(:GaNj:') : 5:^'77ri 
t. S i h'-7°GaNJ:'3^ri.n{i|3y^^ hili:. * 
— MFF#l s ffi& ( SQW : Single-Quantum- Well ) CO I 
nGaN. foh^\il nGaNJttl>Mlf#Fi 
it (MQW : Multi -Quantum-Well) CDftfeMk, Mgh* 
-7A1 GaNJ:0=5rSpfflai?5-y KSt. Mgh'-T* 

g a n j: o P fflia ^ ^ ^ h m t wmizmm Ztvfzm 

mtHLXtS*). 2 0mA(:i3^,^«S4 5 0n 
m(?)ffeLEDt5mW, ^ifiP9. 1%. 52 
0nm<ORfeLEDT3mW, *H»J£H»¥6. 3%t 

^«tfl»tfc<*e*^-r. ^-sM^#F«jt{±. men 

D^k LT. #IB^ 1 0-13551 4#4«8fc«. 
yY-yWGaUfrb&ZsVJTm. T>Y—?°CDI n 

m. icmoa'ij raj; o tifivv^H^ 
&^>? ? -y vmzm?&mm*m»m^tfm*2ixx 

[0003] 

a mzmm-tz leds^ txm^m^+^m&x' 
*st<ot*^. ^*a : ?#F«3tcostta 
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±, A#££t&f*m§U OiS^fcHv^ 1 0 0 V<o«E 

cooo4] ttMeominattM* &m»r? 

[0005] 

[ WkM*M&-t& tz#><V£®. ] #»<DiU\ TIB ( 1 ) ~ 
(12) tzsfrtm 1 tf>fi*Bft¥#H*pfc:J: 

jr i <Joa w*a«-r-6 i k 4 . 

(1) S«Lhl= n Ma-ft^^ttS £ LT vgtt® £ 
«*fcWlSHNiqWt*?fc*HvC, 1ufdv£tt*#. I n 
,Ga,.,N (0£a<l) £ -gXTS: & %>MM=F#Fffi 
BT*>*)ito* BKStWJUC Ai £*trS5 1 *>Bfl2ft 

k* i ^BflAHNPfW&t^Jii 2 <omim¥mftme>'j'- 
k k-#fcps*i«fc£*ir pm^mmm 

s&tx p sews H-rJi<o p m^mmmx *> . mm 

(2) MfipfiflHMK-TlIjpA l,Ga,.,N (0 
<s<0. 5)*>£>&9. §6fcpSffi*KK— T««0 

a i ajsit* 4 , mipm&mmm^&wA 1 a^itj; 

9/KH^k£#ak-M> ( 1 ) KffillOfittaMNW*: 
( 3 ) MBpffl«»§EH-7 , «s6»A 1 s Ga,_ s N (0 

< s < o . 5 ) « fr-frx/ca ^ zmmmx'h o . s^t 

pfittWt K--TJlO¥*!W>A 1 fflj£Jt#, BtffSpS# 

( i ) izMm^mimtmtem?. 
tLfcfe&mzffijLfcmikwtmfcm^zis^x. mum 

GMifi* I n.Gaj-.N (0Sa<l ) ZSA-X'tch^ 
MM?#WffimXh*)frL KS*WLkfc:» Al b Ga 
i-b N (OSbSl) * *X/C5r 0 P^F*fi«jSr*Wt- 

*pa*-wik. ispS#-jk«±^. Miepam- 



-r&pmi&mmv-Tmt. spanawH-rii. 
fc. wiEps*-Bwavpais««K-rJi^pa3F 

( 5 ) «EpUSIItK-7l*«A 1 s G a,., N ( 0 

<s<0. 5) $£>fcpSH£iSLgK-TJl<7) 
A l »SJt*«. fil3Epffl*-BW0>A 1 ifijfcJti 
vvrkfrwafc-*-* ( 4 ) fc!2»o2ft«NN*H*f-. 
( 6 ) BUlBP ffiffiiftiS H-r«^'A l s Ga,. s N (0 

<s<o. 5) m*^A,x'%h§>mmm.x°h*). Zhiz 

eOAimmtZV'm^ZbZftWLkl-Z (4) fc£» 
( 7 ) MIBp MffiiiJg F-T*«t»4> p mi 

sipm&mwatmMpm^y?? vmt^^&mzx 

"5**S*ifc«>». XtiHulEpSm-IRilkpMn^^ 
i?h«k*^t£»^J: 0**$iifcfc<^T*4ik*» 

ak-f * ( i ) - ( 6 ) tciB«j^a-fbfe#^*«^. 

(8) filSpM^JiJS^pS^WiK* 5 , 5X1 
0 17 -1 x 1 0 21 /cm3-C*.4Ck2r#ak-r4 

( i ) - ( 3 ) ( 7 ) ^-rttibHzimcomim* 

(9) ffirEpfflm-BW^pffl^KftJBK**, 5X1 
0i7~l X 1 0^/cm*X'fo&Zt**(mt-fZ> 

( 4 ) ~ ( 7 ) ©V^^uWcB«^aflS«MIMW(«?. 

do) «fiBP sisifts Y-ymcop mpfuwrnm 

1X1 0 l9 /cm3*)HT"$>-l.ik*1tak-r4 

( i ) ~ ( 9 ) w^tiitHzssmeosjm^mikm?. 

(11) BufSpM^^^i? HJiOpS^ttftaWE**. 
1 x l 0»-5xi 0 21 /cm3-e£>S.Ik£!f#ak-f 

h ( i ) ~ ( i o ) otvffi^KEKoafcfl^awis* 

(12) mis n saYt;^4^*e k t T . TVY-T 
x^hm.im^mwt^tch^m. Rx/ryv-yco 

d)-(ii) ^m^^m^mwrn^ . 

(13) luKnMm 1 ^ei««coa«{itC . WtiLlZfa 

t^r>-K-rGaNJB*irr&ik*wak-r* (i) 

-(12) tEtt^a-Jfcfl^NWkSR? . 

(14) mfiETyK-TGaNJl. tilny^^h 

« . n mm 1 bw^^bw* 1 . 2-20^ 

mm;J:*1«Si:n (13) ^ISKoa-fL%## 
[ 0 0 0 6 ] oifc 0 . 44H9(=fll&flt 1 oa-fkfe^* 

ami, ^«fi^#Fffiit»vSttJi± (*^Bjicfcv^T 
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««KH-7«pS« (pM£»B«JUiplL* 

-mm ) i: . h -r<r> P seaug n-re t . w 

iftSK-TOpga^^hJifcJBicj&ftS-ltT. 
jeo»93Efl:£?Bj«-r * ZblzX*). 3 «£>Jf tfffiSIW 

hh. zzx\ mmmmzfs^x, $stt*±KjB«;5*t 
*-»■«, sis. 9 m.-> 

X . *l6HJfc^sm 1 ^fflftft^awfcimcisv T . 4" 
JKF-7"<0pfi*JMHiaV+»Kl<-rOpfi#— 

a^xit, +aiKH-r^)pa^jgK®aw«gH- 
[ o o o 7 3 jec &nmiz*in 1 ^afbatfmifl* 

^fciSWC. p£H£ffigF-TJl#A l s Ga,. s N (0 
<s<0. 5) 36»<5>5flr9, S^CpSMKStgF-rJfcO 
A 1 «jStt£, pffi^JiiMKVF^OA 1 ffljSJt. Xf± 
p I*-liOA l $MJt<k 0 /JnS < -T h b . p Sffitt 

vM»«6fflES:ft* U*. *^pI 

OM-ftft^ffcSI^ t= *J v vf . milS p SffiMJg F - 
Hl s G ai . s N (0<s<0. 5 ) SSr-ifX/C&S^ 
JiUBSfcLT *«0*&ii. pMiSiUKH-ra 

O¥^c0A 1 ffljsftibi*. IJIEpa^JiKJiOT^A 1 
HMJti D'hS < fc* J: 3 fcttW"* . 
[ 0 0 0 8 ] «c. *fKHfe:«** 1 oSHfcS^aM** 
^fcfcwC. MCpi;?7 HJi (pS^SMJiXtip 

p w&mm F-rmwzmLZ-ttz zbtzvprn 
o imauzmatzm&t& z t * J -e# & nx-m t l < , 

ftft&*RXmm®l±Z®Mlzfa±2it&ZbtfX'% 

h. ttz. *¥tmi,z&&m i co^m^mfm^izte^ 
x. pw&mmm^LKUpwm-mm. pSsiif 

fcv*3fflS<0Wffi) ft«ftLfc±T«6CJaT«)J: a* 



**PIfc:tt & ^ 1 OBfcW^SWWFPfcfc ^T, pI7 
7-y Ffl (#*l**Atf#-H»i) WpI?l6iiM 
Ji. 5 X 1 0 17 -1 X 1 O'VcmSCI^tl,.: t# 
84L<, Zixlzi. 9 miffi SrS&SWfc 

£\ g>mm£ffif&Lx^z&mn¥£>cr>mjgz^o . 4 

^. *%BJC«smioS^^««^:fcv^T. Sft 
««K-:r«05pS*tt«J«*S:, lxiOVcm^ 

^pS^fCftitgEU. lXl0 18 -5X10»/cm3 

•c* h z b tfnt t < , ^mn,zwt^mmnms. 

^l.^hZbifiX'^h. 
[ 0 0 0 9 3 *»Sfc:«6as 1 
^tCfcV^T. |fflSpS^7-y HJS. pMftlgSK-r 
St/pS3>-^^ FJi<?5»pS^«ft«Kfc:tJt^ 

ffiStK. ««JSfc(i. pI?77Flt. pMBag 
JKH-rflii:, pl3y^?M£03I^Wpi?a 

[0010] ifcKfc:, #3MHC«4SS 1 <r>mtWm 
«*F(CfeV^T. nMMft!W^*«i: UT. 7VF- 

mztix%&nmmi2>mmm*3i-r&zbwi8-£L 

< , dOi d tc-TI> t pffllOlulBOSi: nm.fr'&b-tlz 
±K)Zt>lzB'mtB.$:ft±.2 J tt&ZbtfX'£&. tfzW. 

a^i^sniihs«h^ratc. ifii*^ii:. ni 

nla^? hS. S.l/nS^l^SMJIc?D^tf-cO 

2~20//m, i 0l?^L<{i3~l 0«m, iO^ 
*ajfiL<U4-9wmt»6t4. 4fclWBBH«0 

X\ 3 e^ff-c^«#ffiriSiEH fc J: o (3*3318 

[ooii] HuiE^i o iz. *&mz&&m i ogfljBi 
^mtm^za^x . mm^smcopmmb . jet= 
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IflHWWEOfflJ:* J: 0 rtLhS** £ k A S T'# . a-tttt 

<ojfc*: s^k -rzzttf?%&. 
[0012] 4*:. *wawtc*it^T» ryK-rt 

Xh. SaWfe^Mft^F-rUTV^l^i^-tctiTV 

fit *> v ^ttiMEfcaaEtf^v v \& h . 

y 7i *>Wf'— $r k'#S3r £ ^*^(f £>fl £> . 4 

mantissa i oaflaiflmwMi fc . m 2 <r>mcm*m 

[00 14] *«IBfc:tJUT. TO«WMW>«[5£ 

(SIMS ; Secondary Ion Mass Spe 
ctrometry) *^{f^>itS. 

[00 15] 4fc. *fMH<^»2<0lWS:a«-r6fc«> 
DERI PIll:K»«*utpfl3y^^ NBk£il 

ktuie^i pH kcoratc? ^cpifiMF-ri?' 
ttpaffiuei«-rfl<opST»iMn»iirep 

^fc*Jtt4«/hpa^*fi!ftaMBil x l O'Vcm^ 
£k £<afc3lc*W«c«4 
91 2 ^afcft^tta^Tli . firlBpM:J:x??h«k 

h3IS»s lpiit ante $ & (citrte p M^ais h -rm 

[ o o 1 6 ] trz. *miiz{%zm2<7>mim*m#m 

9 hmtmsMii pii^cryF-Tiwift 
mtLxm^LLx. tmmm^^-mipm^y^^h 
max/mm i pWM&t>ps?ft&fo*tf&zit&zk. 

^cfev^x . miry v-7mfcm*m&m<vmmz . 



WE* h A^tg?) P I^WSfr' 1 X 1 0 1 9 / c m3 

[0018] ttz. *fffl£&h*2*M{twmi*m 

Tfcasvvt, BUfBvStteSr, ^<ttl-P<7)I n a G 
a,.,N (0Sa<l ) MZ-%tS : $>n&T#l s ffim.t-? 
hZkifiX'Z. Z\cr>£?lzn>b. IWKfE£l*Ub$-£ 
iZbWX'Z&ZbtZtoZ* «#atfj£|SU:3-li:4£k 

im?(vu«<7)iiimmtih^<?m8&mzfak-r&z: k# 

T#4„ 

[00 19] *«Hfc«4»2<oafl3IW i *flc 

=5:4 2mmimmztix*i:&3.mm : b lx t 

[0020]$ *«WC«**2^)fi^*im»» 
iit^fciS^T, wfie^l pS***A 1 Sr^TV^TtJ: 
<. -lixfcj: OmfifiJSl pSi^A'y^ -/TO/So 

mtx'Zz,. 

[0021 ] ifcS fctc. *»«t:»S*2^2fl:«Ml i 

mwm^iz&^x , luiesii pint a i *-£tr*i 

^a-ffc^Wtt/i k . 335 1 <7)M-fc!f«3itt:Jl k 4 

w-r 4 si 2 <os<iBfc¥*wMi t s»vc * o 
i ^a^bft^wttcJia v» 2 aatutKHMMi 

<0^< k t -^r(c pS^RHftfr^TV ^4 pI^)$1 

[0022] *ll^t:«4*2<»)afl:tt2NIWWR 
^cfc^-C. HuiBpM(£jSSF-r«^fe H 3 H tt$r^<-r 
SJtAt. mgpIfiiSK-71#GaNK^; 
k*'WL<, »ttWBE«Mt*a:«5l*Lfc. 
$-^4^k*>"C'^4 0 

[ 0 0 2 3 ] 4fc, *»Wtc«*a52iOSWfc1*iNM« 
^fcfc^T. WSBpSafiaWK-rJi^Al.Ga^.N 
(0<s<0. 5) tU>o, l^pSffiiSSF-7-Jico 

a i mmtz. mipm&mmmcoy&wA 1 ffieitbj; 

*)'hZ<m%.-t&£olzLXl>£\^ 

[ o o 2 4 ] * . *^bj(c« h w, 2 wmm^mwm 

?(,Zi5\->X. tt£pS<B«fc K-r*£A 1 ,Ga,..N 

(o<s<o. 5 ) m£&A,X'%z&mmt m^rn 

mcr>s?&><7)A i mmtx o^s < t^-rs J; a iz lx t 
4^, mBpafiawK-rJi^JiiHkTi** 

^. Al s Ga 1 . ! N (0<s<0. 5)8kGaNJlk 
Sr»S-T 4 ^ k t j; ») ffifcfh Z t tmt L\<\ 

[0025] ttzz t>iz, *%mz&hw,2<r>mm>* 

rcoa-ffc%^ft*^=5ri»±a^^< k 1 3mtmiz 
mmztix%& nmm 1 &mmm$&t& zttmt l 

<. i^i^tc-T^k. J: , 9ff?*B£ESra<-C'^l.. 
[002614/2, *«^fc«4»2^fcWI3«tc* 
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KflES^COStCT > F-7G a NJBjWBj£3*IT £ 
[0027]^. *fMHK«4»2<7)a^fc!ft i Ni*« 

i 9 f?miffi£'lS<-r& 2-2 O^m 
CO 0 28] 

iwmmfocmmi ut. mmzmktx. *muz 

[0029] 9me>BB i . 01 (4. *wmmmcr>m 
m i t^^a-fb^^^^^jt^^-r^wnrsia 

*HJfec7)^ffilc7)M^^*^^«. * 

7%i?7 7h'i( P s^Mroxt* p am-Ma ) 

replay?; hW^^tfS^ji^^-ri.a'fb^ 

hi i <?>m.wfcmwm=Fiz. m 1 t^-r J; 5 c. s«i 

±fc, ;-W7rJI2, 7>-H-7GaN13, n^RfsE 
^$r#tf nl3y^? h/14 , Ty V— y°<7)TM5 a. 
n H -7-c0*raS 5 b RXf T y H -7«±1 5 
c«03Jl*>4>^Snffl!imi^SiS5, S5 3atf*4^>a 
ftfe¥#*JlJ:9&£nfi!lfg2£JiMJf 6. 

-r CO p MiK&g H -7°« 9 . p STOftRj £ F - 

S„ICnl3y^7M4itnlffil2. play 
^^MlOiCplil ltfZtiZ'tiB&LZtiXl^ 

[0 0 3 0] *«BHt*JV^T . ««ltLT(i:, "f 7t 

ft!i^ X ( M g A 1 , O, ) <*> J; o %i&mi<7)mffi.cr> 

fi6. SiC (6H, 4H, 3C**tr> . Si, Zn 
O. GaAs, GaNf^^f^K^fflV^It*^ 

[003 1] ^CfcV^. A77ri2t LTti* 
-MGajAlj.jN (fILd{40<dg 1 <0«HT* 

a*. ** B e attoii#£ai:-r a i 



o. 002-0. 5ixmtu Wffl&m&rtt&zy 

0. 005 — 0. 2wm 1 St»il<tiO. 0 1 — 
0. 0 2 /z mco5EBt;:ISB-f 4 . it, A 7 7rl2<7) 

ttiAjff^aflaiHJsiift^is^s^fcftt:. 200- 

9 0 0°CO3SBTi&rf 4£ fc##4 t < . <fc t 

<(44 0 0- soor^KH^PS-ri.. -rcoit 

«WffiST'«ftS-lirSA>y7rJ12{±, ffli^SKeffll 

[0 0 3 2] <Xt, *^WctJV-»T, TyK-TGaN 

ZZtlzX. A' 7 7Ti2iC7>'K-7G 
a NJg 3 £ J&HS-frS fc &,f B tt<0il*?3:T y K-7G a 
Nil 3 ZBlfcth Z t WTZ , -f-cDT^F-TGaNJI 
3 ±HzmSk $ "£4 n W 3 y ^ ^ b M 4 ^ t' C0^b b h 'I4 t A 
if ■!» . Z<T>Ty K-TGaNJf 3<7)Kifti, 0. 

4L<J±lj«mJ3LJbk^4. ISJ^^SWci^tl. 

ttA<ART««. T^F-TGaNJf 3<7)BSJ¥ 

H— TGaNa3WM/fc7)±|JB{i, WXH-7Ga 

NJI3, nM^yf? vm4RVnm&i%mmm5cr> 

#42-2 0//m L<(43- 1 0*tm. $^>lc» 
*L<«4-9//m) «fflt=IBIS-CS*«J:a(cift^-« 

[0033] mz. *9mzts\>->x. nmrmsz-tts 

nlay^^ hJ!4{i;, nI^M»lxl0»/cm 
3 JJLh, *?4t<Ji:3xi 0 18 /c m^ULt. i9»4L 
<J55X1 0 18 /cm3],iUt£OiilffiT'-^W-r4. CcOJ; 

h«i:i-4i:, V f RtfmmZi&TZit&Z ttfX'Z 
h . ^^igg&^BuiBKHS-^ffii-r-g. kVf *iffiT L t 

3y^^hJf4*Jn ffi^ttSjaME^'hS V ^ B B B ttc9&# 
^•T>-K-rGaNS3±{cB^;$ixTV>4c7)T', 
«KTnS!^te**^rLTV^fc:t,R|*>^-rttAttSrS 
mz&ffc? hZt ifiX # 4 . nW.^y?7Ym4<r>nm 

^f&mm&cr>±mtt%mzt5 v > t wtRRs $ tL 4 1 co 

Wi:LT(i5x 1 0 21 /cm 3 UlTi:'f -5)^i:**M4 L 

[0 0 34 ] nIay^^M4li. — I n.Al, 
Ga,.,. f N (OSe, OSf, e + fgl) T'^$ix 
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J|*tt£fciM=. GaNX(4fffi0. 2OT<7)Al f G 
ai . f Nt-f ZZbtfmL^. nSny;?b 

£1&< LWtm=F<Wf &&<~rzt:»>iz. #?4L<«4 
0. l-20xim. iOff^Klil-lO^mfcf 

>-K-TGaNJ13, nl3y^?M4Wn«l 

Zb&TZ l>2~2 0 At m L<t43- 1 Ov 
m. $^>tCjff*t<«i:4~9^m) ®HtliST'#SJ; 

4i4. aa^>n«iflii^«jwi5*jtiiswjp<»ja-r* 
[0035] <ziz. j&mnmmuz&^x . nigi 
w^Wto v—y<r>*wsm 5b, r y f-7°<7)±ji 5 c <o 

3S*^^$ixT^I». ft. *^ = feV^-C(4, nffll 
W, 1 ^«$IJi£(41iKTJl 5 a-±« 5 c W\-<r>Z<7>m 
<7>mZ^A,X'^Xi>£^. ^^nffla^l^JlMe5{4. 

TkJ:^., ^HMco^Sl^idtc. nW:i<?)nIg 

1 ^ssis 5 h t . ^ai^ t mzffiwm&z 
hzttf?£&. zonrnmizmmmsit. 

£il^T«5a-±J15c£«)&t-&^^i* 
fcLT«4, In,Al h Ga 1 .,. h N(Ogg<l, OS 

h<i ) xm*i\&u«<?&fc(r>w4m } mwzm^& 
mi^mmm5^m\i. m^m^zm-T^ 

m%iX^Xi>£^. 

[0036] #fSBmcfc^-C . nfflli? 1 ^JlflgJi 5 <OH 

iL<i±17 5~12 000*y/Xhn-AJ:L. i 
O^KiilOOO-lOOOOty/^bD-Ai: 
U i Ov^o-e5»it<(42 0 0 0-6 0 0 0^-y^" 

7-GaNi3S^nIny^; h*4tf>-£ih*)IR«£, 
±j$L*i#mWE£fa±£i2:&^a*T'#.g>2-2 0/z 
m (»4L<(i3-l 0;uitk ££>k:#4L<(44-9 
/x m ) ffiffl^fUST'^ Si? (ciS^-T S £ b tiWt L 

\>\ mi^mmms^mmt. nsa, 4>ras5b, 
a.t/±* 5 c n&mmzm , s.im-f& ztizx'o. *£n 

[OO 37] nffll^l^«MJ15^)S-rSTe5a. 

+ ibw 5 ba?/±e 5 ct&wm. *»w«o«js±. 



1 gwigjg 5 1 -t& z t tzx 0 % zttt&jjmm mmEE 

ZigL<fo±.mtZ>Z\btfX'%$,. vl<0«td^fflS&* 

it. mmiz^ nm&mmM5<7>&mznmi$&T. m=F 
zm&LTisi#>xnhixh%>v>bU}Lh. &mv>mmiz 
^xaTizzLfamz^bmz. fmn^tmt&z 
b iz£ &m^mico3£{t<7>®foiz^xvmz^* 

[00 38] T>F-7crfYm5 a.<r>mM-\$. 10 0 — 
1 OOOO^^Xho-A. #4L<J45 00— 80 
00*y/XbD-A. J:9#4L<(410 0 0 — 5 0 

< a» % 10000*y/Xh n-AftaSTV f #«Jh# 
U LTVKk. Vf{4®TLTV^< 

fr\ IHKf E^T**** <=5rO . 1 0 0 * yyx h n 

*<«r4«l*l3&*a^a4. 4*:* T15ali, nl?f$ 

*K«F-r41ISIEfc3!6*WK:!Hf«-ii:4»S*»4>«. 5 0 
0—8 0 0 QXWX bo-AgJSO)KJlT'^.*$iX^ 

[00 39] nS^fcK-ro+IOTSbcoWPi. 
5 0—1 OOO^y/XhD-A, ffiKlilOO- 
500^>/Xho-A. J;D*f4K(41 5 0-4 0 

(t»|BWI5b{4, df J r'JTiUg^+^i«<LT^ai^Sr 

3&*iST-r4. OOO^^^Xho-ASr 

*?>m-h b . 5 b oMJPAWv > t t4^ 
ff tc-CS MtcM/?* 1 ' 5 o * y 7x ha-^miz 
%hb. mMtf5 Q*y?X ha-AtLhO^-tJt^ 

[0040] Ty F-7cr>±M 5 c OffitJ»4. 25-1 
OOO^y/Xha-A, *f^L<(42 5- 5 0 05f>- 
/XfD-A, X 0»4b<«42 5-1 50^-^i/Xh 

□-Ait*. ior^H— r<ojji5c{4, isi^e 

S 5 c con 2 5 ^ yyx h a - a*}Ht-(4 y - ? * 
Jf 5 c OH!!**! 0 0 0^->-^Xho-ASr«gi.&tV 
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[004 1] liLhtfOi^C T15a-±I5c^I 

?t-r& . tfz. fttiaiEHfcTS 5 a~±ji 5 c tf>#§y? 
mmomzh 3m<7)mtm^hitxm'm^t?> z t 
■?&ztt><xz. mmm^xn^mzx^h. -r%b 

UT3g*)4SStt«oaj«. «S. LEDff 

[0042] mrte^ i ^ana 5 *««-r^»«-Jic7)ffl^ 

I n f Al h Ga,.,. h N (OSg<l. OSh< 

i ) xmztihM.&X'ffim'h z 1 , 

kjsv^t. mi&mmm 5 turn? 1 na# 
A 1 $ v vb& t -t h z t tm 4 L < , IS AS 

fc&JIfKU Vf £{£T£tf J: 9$?4L<{iG 

aNifcIJA l„Ga,. k N, §£>C:iF4 KfiGa N*> 
4>«r**fc-T*. nmtl#J«M5&. Al h Ga,. h 

Nt-r**^ o^h<i<?5ttH"cai3Krrftifc3& < 
h a*> a 1 «j«it£>hs < f-**&*is*tt**< t 

[0043] ffiffi»l*JSKJB5<?5+HJB5bttJft4 
nS?ai<7)K-7lli, SiKli. 3X10 18 A 
m»£LLi:U J:0ff4L<ii:5x 1 0 18 /cm3]il±£7) 
ii^h-rSo na^BH^>±flRU. 5xl0 21 /cm3 

OJiiiF&Jf ^3tai^&{£T$^4it^< Vf 

£{£<TS4. nI?»tUtiSi, Ge. 

Se, S. 0&3£|gi&$ftIVB8L gSVI Bj5£7C5B£iM 
JRU MK(±Si, Ge. S^nl^ttifcUS 

[ 0 0 4 4 ] 4^ . mm 1 ^mmm 5 co±ic*st£«£ 
sitms. i?ie^i^«)^S5£75d 

[0045] 4fc. **3§YJi, tufEn {SHIII l^BSie 
lhGaj.g-hN (0gg<l. 0^h<l ) 



n&tf A 1 <r>m&ifi'b^®&. i. W£ KttlSfttt 
atXVf £ffi<-ri.fc^5iL£:^GaN£*;«A l h 
Ga^NtU fttffiKIJGaNfr^Sf-T 
yH-rik«. m-TVH-r«SrA l h G ai . h N 
fc . 0Sh<l <0«fHTaS3BW- •i>-t WX' 

S A 1 fflj£Jt#/h$ V»*sMS*ttatW f £ffi< 

ix=5rU#>\ aFfWttfcSfffc-J-Sfci&fc. 1 000-3 
0 0 0 J^X h o- A##4 L V 
[0046](XC, *fWBK*JV^T. nffil|3fS2#JIlUf 
6 I nfc*trjS3«)S*lS8»¥3W|sHfc. fWl3(0 
^bfe^*«i:* : 5r^ffi«^^-l>^4c7)g'(bft^ 
{OTfc£fMT$-4£i:fcJ: OAKS'*-*. ^<DnpJS52^ 

n-f il^ < k t 2 SiaJLflWl L-^H-C'4 «12Ui«S^- 

hztimtu\ nmm2&mmm6izt5\^x. m3 

1 1— *<0BUWi. 1 0 0^y/Xfn-AOT< «fc *) 

5 0^y/xhn-AHB:n t i8S» nfflS^2^illK 
JS6ti3V^T. iO#4L<ttW*<»)«»*. 100* 
y/Aho-AOT, J;0Sf4L<(47 05j-y^ho 
-AWT. 5E^if4L<{i5 0*>'j?'xha-AmTtc 

•th. z<7mt,zmmzm<-t&ztiz£>o. nmm2 

&££k<XZZC0X\ &jj$:fa±Zit&ZbtfX'Z&. 
[0047] M3X<i^4coa<bfe^*0 
*«flr < k t — *<0BW**. lOO^y^Xh o-^JilT 

[0048] 4fc, nfflI^2#S^«6tC*3V^T. ^3 
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yrmnX o VX , *S14JI£ i OMM 

[0049] tLh^J: a fc. **Ste«4 pl«« 
jgoSS: S3 fc, HuiSndimi^illKBfclalBn 

"C-ti^r v vP, n MSI 2 ^ai»Jl±{c^ft $ -fr^vSttil^ 

[0050] &ti. nmm2§>mmm6X'H. m4^m 
{m*m#mzmzmA,x'm*)'&o 20^3^1 

Tt. h— r&o-ctiv^. nfflsai2^jaKS6 
ti±, &3<r>witwmftmzwzw*x<m*)* l ? 2 o 

OSI4 09MUb¥«fMnil(c«V)T . -f-ft-PfuaKff 
(2, SWdSSroTi. H— TJoTt «fcv\ tflitf, 
SI 3 tf>Sfl;1l£NMWl£ I nGaNtL, SI4 <r>Wim 
*«*lSGaNtL)t«^, I nGaN^3:&SS3 

si 2 %mmm e s- , se^tsj^tf^KSsfl:-*-** 
fc -r * i 1 § . ip*> . mmimz&jmm ttzm.it 

o\,z-thtmx.\i\'—¥m=f-<r>ji o&XMWk&fik 

-r&mTiz&^xu. zn&mmmx'mimzMi&L 

X. U-*fftC?yf:-YZfflm-tZZbWX'Z$>. 
[0 0 5 1 ] nfflISI2^SK®6t1±. SI4<^) 

S-ffcfe^ttW * IBfc8E/CTR D-o-a 2 OOSI 3 Olft 

»#*fwiiatc*s^T» ztiztKnmiz-sttihi 1 i& 

x*mK>-&5 2-?cDm4<7)mik®¥mfoJ§fsii l zti^x . * 
n^ticom izstti&iu m7m<7)®.mt £5 v *t*sr 

[00 52] f2l;U2\ S&3^affc»^ffcJl£ InGa 
NtL. »4<OS-fl3ltm»#*£GaNfcUy^ I 
nGaNj&»&**JS3tf)SftW^{WB<0I nOffljfcit 
Sr. iS1i««g>fi^- SCfo X<miZ&< Ltz*). ifc 

>y%< ttz Ki-th ztizxK). mnmzmmmLtzg. 

[00 5 3] nffl|g!2#Sjg|JI6t2. iSttJlfcSfigLT 
##iOai:fc£fiLt$-iir* ndlSI2^« 



•mx'h a < , n diss 2 ^ame 6 ^MMWWiwtm 

oiOTtti^. BH-«infflfflS2^JifflW6 

[ 0 0 5 4 ] si 3 os-ftwNWMti 1 n z&tsmwm 

¥#*fcU »4 L<(i37Cii H H B OI n k Ga,_ k N (0 
<k<l) tL, §4>K»*L<Jik«*«0. 
I n k G ai . k N, «k$?4L<J3kffi#0. 2OT?H 
n k Ga,. k NttS. — !P4 OfiftUHMWMItiJB 

3 ^an^^iffrs fc mwm% h mm*mwx-foti 
ma<. *mi<z&^xz<mjiLii<mzm£.ztL&i>e> 

it&tzMzi±. m3<vm<im¥mft£ o i>^> ■? 

71^-^1 V * 2 7C^ H B B fc § V m 3 7cfilW) I n 
.Gaj-.N (0Sm<l. m<k) SrJ&S fc# 
$flfcL<, J: >9$?;£L<f;£GaNi:-f&„ SI4 0S-ft^ 
G a N fc -T & . ^«:& B a tt«IV^lif 

W.3<n>mm*mte* I n k Ga,. k N ( 0<k< 
1 ) fc 3LA<nmtMm#Z I n.Gaj-.N ( 0^ 
m<l, m<k) . »4L<{iGaNfc-r5tt*-&*rti- 
*>Wc>it5. Sfcff 4 UvH*£*>tfi: LT{±. Si3 
OM-fbfe^^B^ k mifi 0 . 5 OTO In k Ga,. k N 

[0055] m3&£vm4com{twm#mimjjb 
Lry^-rt LXi>£^L. vzmznW^mnW- 
rztix^x «, ct < . ifcv^-wu&^-^rfc^iaw^H- 

fcft IZH . M^r*iT y H -TT'$> ^dfc^'Stif^ L 

tmfomo n s^tcninK t . » 4 ^aftaiMmwM**) 

nM^ftiUg(iM=5r-5-CV^Tt>^v\ 4^c. SI30M 
■friz . n SflF«ft# F -T $ ixT V> t Z h S: SSI H-r 
f}£m<i-&ZttfX'£&. 

[00 56] %&nm*m>bLXte. Si.Ge, S 

-r^"**-^. ^*E^?gJKi±5X 1 0 21 /cm3OT. 0 
4L<(il X 1 O 20 /cm3]^TtCpfi-f-S. 5X1 0 21 

/cms «t 0 ^\^bmm*m>wm<7>m&&.tfm< 
x. mz^t^-thm^hh. iW^aK-r 

[0057] ^miza^x. ^a*^#Fif3t^vsi4 

JBTti, I nS^Ga^^ttSItt^*, »4 t 
<(i, I n a G ai . a N (0ga<l ) X'&f&Ztl&. £ 
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fc. vSttJf 7J±, nl, P m^-rtlT'i> iVV&». TyK 

-7- (^wiwmaain) k-f£<rfc##£L<. ^^^.t 

Ktt*>-#fc*tt* t J: < . nl^ft&tfp 

W^WtonWiZ Y—Tth J: 3 C LT i J: i \ ,roi§ 

7 1= n sroen* n-r-r * try k-t*> 

t^fcitAT Ay HIS3fcKBtK£3 fcfcBK-*-*.! k* 5 
h . v£tt« 7 (c p STWft* H-r-tS kAy Km 

HtfaMfflttS i #<7) nSK -Ay F £ i> F-TLT:£ 

M<mm 1 fctswc. 8Stt*7 fcflt-JH^FflKfik L 
fc*£-fc*5i-vcfc. ^mS^#F«jikL*:^kiH£ 

[0058] Stt® 7 ORSS k #F« k OBHIJWi, 

I). *fcRSJl*»<9flMIUT#FJI-C3|**>oTt>av\ 
#FS<0JSWk LTtt 1 0 0* ha-AUlT. if 
*KU7 0j)-y^hn-AttT, §fetffiL<« 
5 0^y/xho-A13iT(:IltS. #Fa<^MllcO 

(ii o^yy^ya-^xtt-th. #FSAU0 0^ 

—2k Rsffie«0i?${i2 0 0 0^-^^hn- 
AOT. i?£L<li5 0 0*y^hn-AfcJlT. iO 
#4 L < 143 0 0 *y^x Y o-AJTRcfSg-rS . tt 

±. if£L<«:l 0*yyxhv-J*a_tt-f&. KM 

<0Tt±=Sr < x LE D*^& If <*>*S<0ife*» £#* L 
T. RMBS.y ; '#FJfO«-W*Sc^«Jf«R$-iiSLvSe 

[00 5 9] #?|BJ?t;:fcVvc.. P M?5 -y FS8J4. p 

atsausK-rJiQtpSay^^Fai otcr><pm<v 

5 -y FS8*^JiSM*t (Hf&^flfjt) t Lfc«£ ( p 



M t fflj£<0fi3r & SI 2 (©fiHlSB^NIfM k W9tM £ ft » 

*i. 4 . jst . s 1 tnmvmtmfom t m 2 nafflt&m 

flsJI fc <Dfflj£#^3rS d t £ . Ay F^a- -y rx*K 
fcLTBMJi'*-*. *«^CfeV^T. ^IIp 

m 1 comim^mftm t.mi nsLtttemtkm x k> *> 

Ay F^r-V -y TX^/I^-ctvJnS &* 2 OB-feWm** 

«k* i l*«£ftT&&«£JB^S£fc3^-g=£>. JSK0 
SflSftMWWMUSttfSJ 2 < k fc 

o T V^T t> f o T t X V \ 
[0 0 6 0] ^JgJipa^7-yh*«8^S!g$:ffi«-r 

s*i , as2^ffi^t«i*aKMi«o«uwi. loo^-y/ 

^ha-AUlT. $^tC*f^L<(47 0^y^Xha- 
AOT. L<{41 0— 4 O^y^ho-Ac?) 

/h$upl^#^>^. ifWf. UI=v^ffl$:ffiT§-ti: 
Sifcj^**. iO«l:3«:BW<0 2S«l<OJB&l^r 

comzmxcomx*) im&<nMLxi>x<. man. 

mX'¥£fr~>Xi>£\>\ % L"C, &m&pm77v FB8 

o«B»p<iojBBi, ^w.\mfw,2<^m.^mmwm 
&mmpw??v Hasfi^jgiffti. #tRBfes^v> 

2 00 0^y/xhn-^T. *F4L<«100 
Ojfyj/xho-AJiiT. i , 5« : 4L<{i5 0 0^-y^ 

tii^l^iS<T'#. Vf SriKT?-fr-l.-k* J T'#4. flSl 
coa^^*«(i^^r< k i>A l S-frtra-fbBj^ 

if^L<(4A l n G ai - n N (0<nSl ) 

it&ztimtLK. w.2 ffMAmpmmm ± t < \t 

Al p Ga,. p N (0^P<1. n>p). I n t Ga,. t 
N (OgrSl) COX d^r27C?g B e B . 37C?g B a B OMftft 
^#^ft^^ii* j a4LV^ pI^7 7K18 
^ , i <7) ± e ^r* 1 ^H-ftSW^WftcJBXl/at 2 
^*B*>^^S#JflSBk pS^SMiico 
AiftfifcJtknakSti. T%<ottSr^Tfc<ok-fS. 

(0<s<0. 5) iO^-SakLTt^g-XtiAUG 
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a,..N(o<s<o. 5) mzisti&mwmk Ltzm 

£42. ^mmpM^y y YM<DA 1 *U£JtJ±. pw&m 
[00 6 1] >$m!g.V-7<V&mm:PW7 7 ■/ VM8C7) 

m^mftmnprn^mmmit. m%-?xi>. r-t-*, 

K«8t:fcttSm^a^^#Jf £3&2<7)a 

wm. *{&<-r&%r£. mm. joy*?-* -yy^*>v 
as* i <r>m»m*mfm<tt<r)pWKwm 

JSSr«< UT, JOY*-* •/rx^;^_ £ 7)/jN§^2 
<i . -e <03Mc ,A>Kff 7 rx*K-o^; * =$rsi 1 

% i os-tmimnwmi t as 2 nmtmmfa® t 
zmfc-th t . bhme^v t mzi&TZ-£& z t &x- 

om^Mb. ^m>sm.z&< Ltzwm&nm^mb* 
mmz&mmpw??-? vmiziF&z-it&zbtzi*)* 
v v rm&^m^mco^^ y r^mm^^mx-^m 
Zit&zbwvzwc* ^<r>^mm(omsji^<X' 

# . firE^ 3 fcBMWE^V f ^£«T$-£ !> £ # 
&com%h m 1 fc SB 2 OBft3lfe¥*fr 

«be. vf (imftWE) mzi&rzit&zbtfX'Z 

c o o 6 2 ] si b&2<nmcwmvm<r>pw?tmA 
mmtfmz&WrSiz&v&m 1 ^tt^ftiopi 
3RH»tf>«i»±» zmm^fob Lt<of^pi» 

«K* i *fiaiKK-rB9j:0e<pS3>^^hSl 0 
J: OiS< *4 J: 3 t=«S5S^fc«fc:^r4 J: o lz-fti\ii 
\ » . JlttW&IS 1 <0»fl5ft¥aM**«0 p IPfi&^gJR b 
LXlt. »*t<«5x 1 0i7/cm3~l x 1 0 21 / 
cm 3 , i l 9»4t<(55X 1 0 18 /cm 3 -5x 1 O 20 

/ c m*rttmvwm* h.mi cr>mimm?$#m<?> p 

S^W*aa*<5 x 1 0"/c m 8 J2LLT&4 t . $Stt 
B^D* -v U T0i&Z3»tfi$k1B-b tc K> . fbtiitfj **|*| 
±U Vf A«ffiTf 9. 1 X 1 0 21 /c 



6. 

[0063] is i <F>m.im*mfombw,2<nw.it 
wmt*mv> p smaawiKr s *&<^>m 2 oaflsft 

P LT Ji. SS 1 <T>mm*m 

JSh'-rS9 1 pl^y^; hJf 1 o fc<0Jf*Cft«K<0 
*m<n&&Z*k-tJ: o fcrSfflSTi Zbtfftt U\ n# 

«rfcKSg;3*i J SrV>#. #4 L< ttfiOBS 1 ^a-ftW^ 

p m^msm.cr> 1/10 mT#a* t < , x o 
»4 LKteTyv-yb-tzb&himmvm^mtfm 

t>tih. t*»Ls IS2coa-fl:W^*«OMJ¥* J liWc 

«>, si i <7)a^^^na*^is^LT < & pitos 

(±. gULT < I. piTOtt^ili 1 x 1 0 2 »/c m» 

[0064] mz. m i <r>m.vcm i mwmbm2<nm^ 
m¥m#m<7) p w^ntymm&m—tom&co p m?mm 
iom&iz^ t ixniTiz^ 0 i osflsfc* 

2 vmivfa^mikmco p a^»iejg{± . 

pS<SilJSK-rS9i:pS3^^^ h«l 0^)pI^ 
LT. Y-TCDMbtch J; 3 ^HS 

<oaflS»2|£i»*«<o p S^»*iRB&& t »Sr i» 1 

<oafljBjiimwwifc: raauoe 
i*o«rrft4. zox oizpmwmzmi bm2?)m 
^wmwmb^mK-^m-b^hXokzY-r^h 

b. mWffigtfmti: h ^-(CJt^T . ^NSfitt<%e 

*»«U#<=Sr»3. ttJl*fo±Zit&b^O}%X*l}#£ 

[006 5] mMpMfy-y YmiCY—TZil&pW* 
ffiWbLXtt. Mg. Zn, Ca. Be^c0i§ffl^*?S 
IIAgL IIB^TC^^S^L. JfftKIJMg. Ca| 
5rpM^*«fti:-ri.. 

[0066] 4^fne<o4>JSSK-r^SMps^5 
•/HS^^-r^i^«LTv^a^#«*e[5i± (is 

lk»2oaflJ» i NHWI) <Op1TOWS* 5 MS 
pS^**6fe* i «iiS(cK-7°$ixsa'fbft^«! 

[0067] iJCt. +mSK-rc0pS^5-/ YM8 
iJK pST«»ttlAl b Ga,. b N (OSb^l ) <k 
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Tm-m>t>%h p$L7 ? v vmim-mpw? ? -y f 

tt. UB<O*0<A l b Ga,. b N (OSbgl) i^jTl. 

*i, Al ! Ga,.,N(0<s<0. 5 ) <k 9 
#-IpI?7 7 F«8tf)A lffijftfcbJi. pfflfiiftKH 
-7°fS 9 cOA 1 sfijfcbt X 0 « < =5:5 <t d lcpfi$ix-i. i 

5±T#* U\ #-IpI;5 7 H«j&«A 1 £ 
*4£n*£\ A l £#tf*§-£tzJt^T . *^Bfcfcb73 

* { ffiT-rs*^ ffmwEJiA i zstsmiztimmm?) 

[oo68] *-ipS^77 vm&nimiiZ. mzm 
jesit*^**. «*aj**m±s-a-. vf £<8<-r4fc 

*>te» if * L < (i 2 0 0 O^y/x h n-AOT. J; 9 
MKiilOOO^y^ho-AJilThL. 
»^L<{i5 0 0~l OO^-yi/Xha-^t-T-?.,, 
[00 6 9] MpI;7 7 Hi80pSPKfttf)i 

+iftgF-Ti:$r5«l:3K:. #4 L«i5x l 0 17 /c 
m3~l x 1 0 J1 /cm', J;W^L<I±5X10 18 / 
cm^5xlO ! «/cm' <0ffiWtflBST4 . TOM** 
S€rMIBKffli:1-2.t. J*#*pffl«#"C&» «f«KH 
-r«#-Rpi; 5 -y F« k T* , ISTttU^ftiO 
jftT»4U*. #-ffitpM?7-y HJB8I4. hoIS 

^«M«jicOpM^7 -y FJIfcifr^ ttflttM^*?*** 

[ 0 0 7 0 ] ifcfc. *JMBt*J^T . pS^ft^ffiiH 
A l s Ga,. r . s N (0^r<l, 0^s<l, r+s< 

i ) -c-^^ix^a^^a^^ft^fflv^T^-r^^ 

£#•£•#5**. ff^Klil n r Ga,. r N (OSr< 
1 ) X14A l s Gaj. s N (0^s<l ) T'fl£;h.4 3tc 

m.ik<F>mm¥mte. * l< «s£ b b b 14^jSt>^ 2 

4. -T^i)^, G a N*ffl^T pfifiiMEK-ri 9 * 
»«W£E1*tt*»4Ci:*»r&4. Al,Ga,.,N (0 

s s < i > -cmztn STtMikcomimimtezm^T 
■wjot^coa i mmtxiipwm-mmcoA 1 a^tt 

< P S?7-yFJl80Aljffij£Jt) JMSumMW 

ftSE (Vf ) ^±#^fPt4^i:^T'#. GaNJffl 
V^PlfiiM F-T* 9 ZBtfLLtemiZt HtgcOJ^tF 

pSffiiftKK-TJifc. Al s Ga,. s N (0<s 



<0. 5) iO^r^fioAlffl^Jt^pM^^-y F«8 

^a i m8.it* ^mm*mwx°mm-h t , P 

fflffi«KK-7TB9tf>flW£, GaN^HTpIfii 

•CS8jt^H§I<7)®Bl35^rfgfc £4 . 
[0071] *HSfico^« 1 (c&wc , pSffltfl 

xh. mmx'&&\^tzi^tnm<ryw&is i %hixh. 4 
tz, pw&mm.\ t -7m9*^m -vmsr 4 , 

^SflSft^NWMISA l,G ai ..N (0<s<0. 5) 
lit. pffiffiSKH-rJIQcOT^AiajSJt**. 
Pl^ 5 v F18^)A l MJ; O'h? < 1 1 A« 
4U\ PMfiiS«F-r«9Sr^a-C«^-r5 
%S\ -^SlBH^WWifcA l,G ai .,N (0<s 
<0. 5) itU flfi^ffiibft^fMiiGaNat 
t T , P Mffla&K F -T« 9 OWA 1 ffljfijfc^ 
pS^ 7 7 K180A 1 «ti O'h? < tS^ t* 5 ? 

fcfcff*U\ Z<7)±5I,Z. pI«9ISK-719*A 
l,Ga,.,N (0<s<0. 5 ) B^tf^SJKXti. 
Al s Ga,. s N(0<s<0. 5 ) Mb G a N«*»6* 

hzmmt a i **opS««KH-r*9 

aiOO^yy'XfD-AiaT. ^^hn-AH 

[0072] *^Hjfct5V^T, pSffi»gF-rS9<0 

(C. ff^L<lilOO-l OOOO^yy'Xbo-A, 
<k'9«F4L<{i:5 0 0~8 0 0 0^->'^Fa-/»,. $ 

^>fc«F4L<{ii ooo~4 0 0 0^yy'xhD-A(: 
RJ&*-*. pS<£aSSF-7-«9S:A l s Ga,. s 

N(0<s<0. 5) iO^DloAlMtt^pl? 
7 -y Hl8<OA 1 ffl^Jtct O'hS V^aflS****TWJ« 
L^*^. XliAl,Ga,. s N(0<s<0. 5 ) S£ 
^■CSf 0 Ji-?A 1 ffl^it^'pS^ 9 >y KJi 8<0A 1 fl 

rtutiO/hsv^a-ftm^NiWcT^jftLfc*^. pi« 
JKK-:rJi9«DKJWi, »*L<ttioo~ioooo 

tVy'XhD-A, J:>5*f4L<(i, 300-5000 
^■y^XFo-A. J:0vwe3*f4t<ti:3 0 0~3 
OOO^-^^Fo-AtclSg-rS,, pIffii«K-7 
19^A l s G ai . s N (0<s<0. 5 ) i DSrOJao 
A 1 ffl*Jt**pffi^9 v FJ§8<DA 1 ffl^JtJ: 

aftwmw*rc»j«L>t«^. mcoig&izimLx , m 

m*m< LX t, Ajff=5rSMHS:»4 Cfc**T"£ 5 . 
[0073] *5M8tCfcV^T. p K -7*Ji 9 *> 
pIWUEtt. liriELTt J: a 1:p1? 7 y F«8a 
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[0 0 74] Z<?)£ot,z. pWziy?? hmi Ob pS 
JBfcLTpSffls»RI*-:rJB9*. pW.?>?7vmi 

[0 0 7 5 J «^K-r«9<OpS*Kft«*i: LT 
(4. WiE<?DJ:dt=B»Sf &JBfc^p^f«*aWE^W«R 

we* * h imizmMZ ti% i mitjE 

£W<-T4rt:toC* H3£^-fJ:3(^ ff^Kli, 1 
xlO'Vcm^m £9#4 L<(45x 1 0 18 /c 
m3fcTFfc-r&. ffi^b*-rJ19<0pS*tt»«SW> 
TRBffi{i#KBB^$ix5 *><DT'(43:< . T> H-m 
-?Tt>J:vn UpL$r**6* ffii«H-Tl9<?)pI? 
ttHMUKtt* *tf>*9£j«*Stf*fc&tf>paraM*tf> 

K-rat, pi?5-/ H®8wpM^^RKai^p 
mimm v-rm 9 commt iztstx p sppmmsafi 

>y HS8?*><!,cOpI^««: J: 0 . pMJ&HK 

mi bmm^m^^i-^mm^^L. mm^^ 
# h j^mmmfo $ ft . <?-<?> # h ^m^g/h P a^te 

[ 0 0 7 6 ] &tz. *5KHt=*JV^T. pS^&^OSHI 
*9fcPI«fc:, HKIn t Al s Ga,. t . s N (0^r 

<i, oss<i. r+ s <i ) •cm^ti^mim^m 

Mfflv^Mt iZt ifiX IS JM£tf>a#$rJB 

ft. iWiKliin, A 1 **4$:VV=jEffift<0G 

IlOSrln. Al££±%\,*2T£M&k-f&t. p« 
fig 1 1 b CO*- 5 -y ?«M£ J: 0 H*f i: T# . 2B£$J^ 

&i*i±§-i*-*<ii:a*TSs. pm^y?9vm \ ocom 

JWi, Vf £ffiT$-£**o»mE£rfQ±£-ti:£*:*> 
(C, ffiKli, 0. 0 0 1—0. 5wmfcL. 
4L<(40. 01-0. 3_unu ±0M->f«iU< 
(40. 05 — 0. 2xtmtf| lt 
[0 0 7 7] 4*:. HKH-ropIn^^Hl 
OOpSTOStti: LT(4. pI?5vHiJ:H«Ol<f 
crtpm^mtotm^&ZbtfTlzh-tf. #4L<(4Mg 
pSny^^MlOKK-rtSpI^ 
**M a: piSBtttfSJ&fcW&fU 4fc*-$ 

-y ?1£M£'&MlzB!&-t& Z b tfTZ h . play?? 



fcwc. piny?? r-ai o^^mmemt. vfi 

ffi<-T-&^(3, »4 L<(4, 1 x 1 0 18 — 5x l 02i 
/cm^ »4L<(45X 1 0 19 — 3X 1 0 2 »/cm^ J: 0 
»4L<(41 x 1 0^/c^mm.b-th. 
[0078] ttl. n^fiil 2(4njl)3>'?? b«4± 
(C. P«ffi(4pS^!|l!)0«IUSh'-rOp«3y?7 
hJ110±C **ve*UB«S*lTV^. ntMl^P 

(4$rV>#, WitfnlMifcLTJiW/A 1 . p*«fcL, 
T(4N i/Au^t'SE^i^i:^**. 
[0079] $mcoBM2. JTr\ *fMBtfl54ie»<0 

mmt. *wm&h&2<nwitwmwm=f-i l zm& 
Ltzm=Fx*foh« ^mmcr>Bm2\±, pw&m&.v-r 

m9ZT>}*-ycr)mbVT&i$.-t&Zbl l z£*)pm.i& 

mm H-ra 9 <o P m^¥mm Jpi?7 7 f«ss. 

t;pl3y??Mi 0i0fiaMte**o-€-<?5pM®« 
S b- -ra 9 £*$ (t & P si^«hj«K3&* 1 x 1 0 1 9 

/cm 9 *)Ht^?»a:d(cK^t^i^l^K4. UK*) 

«ni hR«Hsinssn«. *mm<mm2iztm 
it. pmffim&Y-?m9ZT>} i -7cr)mb lxb$l 

-t&Zblzk*). Pffi?7y N'18S^pl3y?? h 
H 1 0 7&>f> p £ p SSigg K-Tl 9 Kffiifc $ 

it. -e<7) p affiisjs h -y°m 9 <np w^wm&m: p m 
?7<y Ym&mfpm.^>?7vmi oiofiausr^ 

o-f - O p MflS&JK H - T« 9 tis ft 4 ft/h p M^MfeS 
JJE*«1 x 1 0 19 /cm3*}1l(c^rl»J;3tiS^L-TV 
4. 

[0 080] H-C. ft/hpM^M*it«i:(4. H2t 
^-T p SPPttAJUS^Att 5 0 coft/J^^tS^ 5 1 £*5 
(tSmSSrVHK ^6jt<0»B 2 tctJV^Ti Oft/hp S 
?F^!t%MS(4. ^T-SJ:ptc±iLTpa<fiatJKH- 
TJi9dOBWfc:J:»)fiarrs. tfz. 02(4. pSffiiS 
JKH-7*Ji9«W«!fti«K*. pi3y??Ml0fc 
cttX P ffi?7-y H^S^feWpffi^fWHi^tttKliOR 
tL^cO. pS3>-?? hfl 1 0cr>$mfrt>cr>%Z% 

izm- 4 p m^mmcommzm-??? y x$> 0 . 

[0081] i<Oi3tpSiKiRKK-7 , JB9^pa^ 

mmcommfrrttmm&mfr^cotibmizi. -o xwzzti 
h%r&. pm{mmv-y°m9ftco P %PFmwmzii. 

mortem (pI?m«sm) Sr^-r. ^lt-^ 

<0pSRR««Jii«^ft*5 0fe:tJor. pI?7-;F 
a t O^ffi2Si.0 : ' pfay??Mi: coS^MOBIfc:^ 
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[0082]^. 12^M5 0t:fc^t, pSIR 

«/ ym t om'&mfrt>m%M'k&.£ x&^tiztm lx 
wt>ximx'b&. sm. pa(sauKH-7*Ji9«Joai 
a^Ktj^T. -twaaai/hjsii, pstsaKK-r 

6. £<OJ:3fc:pSffi«8K-:rJi9l;:tiVY^ Pl3 

^S36«j««fiW) p sffiats Y-TM9 ^.<mmz xhh 

C0083] jyjKOJ: ? fc:l»«W4fl*»^pS^ttft 

-rs%&, *<zx*mmxii, mm^msi*?. Pii 

vmaRifpm^y?? hmi o^pm^nwM 

mimm y—~?m9 <rs^vmamt , ± t vx . P s« 
jgjK h -rs 9 ^Mff ^p^-r ^ ; 1 k £ o kss? a 

[0084] mv^*»iwf . 3j^at^»«2<ofifl:ft¥ 

^flgg^tcfcv^T, pS777h'l8^pI^MftiS 
ilf p ffln ^ * ? h JI<7) p M^«W6^2-#IS L T . 

pm&mjg. Y-ym 9 t,z&\i t p m^nwdm^om 
'hprn^tmrngitfi x i o i9 /cm3*}iin^?><t-5 

d h-Tixtf pSfi«*K-r*9^JRW*ff <-mtf «k 

fl£«jK k— 7°S9 c^gfficT) p w^wmm& , P 
v-ym 9(Dmmffm< % oasrsr^A a a^j 

ilf5xi0iVc m 3 JJLhfcRje-r* £ k **# 4 L 
V\ ft. pSfi««H-r«9<0iW*Ji<-r4i:. P 
Mt£i§l£ F-T* 9 tcfcftS pa^RKftaWE^WTW 

x i o^ycm^miz^^mm (#bj>m 

[0085] J2Lh<0 A o t,zmf8LZixtzmm<V&B 2 COM 

im^mwm^it. pm^Mmv -ym 9 ^ryY -y 
mm\ t -Tm9RVpW3y??bmi ocnsm^za 



ifzpm*tfflm!£<?>m®z. *mmv-r, mm.* 
-7\ mmm Y-rk iz&aizvmth z k a* 
x-%. ztiizx ~?x, mmcr>mm 1 1 mmz , «3taj* 

aic*HSfeco^©2ti3UT. tf«WffSr©<-r^^i: 

[0086] i^. *nit(o®!g2tfc^-c > mmcomm 

pSffii8«b'-7°Ji9{i:. HRafti n r A 1. 

Ga 1 .,. s N(0Sr<l, 0Ss<l, r + s<l) 
ffiKlil n r Ga,. r N (0Sr<l ) X«4A 1 

s Ga,- s N (oss<i ) x'mzix&3fcm.&<?>mitm 

GaNiffl^tpSft«IH-ri9*JKSt4i:, -5" 

A l s Ga,- s N (0Ss<l ) 
37cfift<oafl:«^NI«sS:fflv^pS[iS«KH- 

r«9 zmnriz. a i aiatibWKreps^JBK 
iwoA i mmtxitpmm-mmcoA 1 «^it 

(pI757Kt8«AlWt) JWSHMSHHf 

l*I«EE (Vf ) <0±#*Wi.4ii:*«t k S. GaNSrffl 
p SffiilUK H-Til 9 S»JS 

[0 08 7] &tz. *mm<?>ffim2t,zt$^x , p«i 

SF-7°«9{4, SVHC^OS^i. 2mmftMftm 

#immztLX%z§>mmkLxi>j:<. z&xsizi, 
xi>. m§X'te&Ltzi§&kmM<w¥t>&tf%e>ixh. t 
tz. pmm&%.v-ym9*$>mxmm-&m£. 

<oaflSHJiNWWB&A l s G ai . s N (0<s<0. 5) 

itu p Sffii&s f -rm 9 co^coa i ffljsjta*, 

P W7 7 -y V!W 8 CO A 1 ffi^bi *) < ? h Z k tm 
£L\\ £tz. pMfi^6«F-r«9Sr^Jf-t18jjg-rS 
-*<0SMk*¥SWMi^Al a Ga,..N (0<s 
<0. 5)ikU flS^rfDS'fkft i NltfMi*GaNJB4: 

tu, p h -rm 9 co^mcoA i mufc*K 

P m?7yVm8(?)Al®j81tX*)'bZ<-t&ZkWi5 
t>lz#£V^. ZcoXoiz, pfiffi»SF-r«9S:A 
l s G ai . s N (0<s<0. 5 ) «Sr*tr*JBRXtt. 
A l s Gai- s N (0<s<0. 5 ) Jli: G a NJi*>£>& 
4^*lKi: Lfe«^. A l ?:ttrpiffiiSH-ri9 

•cs*. ttz. pw&mmv-7'm9*zm } i&k-t&m> 

mik&£&<-?2>tMz, zmnKBii. at t< 
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[0088] ft. *«HBfc:tJ^T«, pSLASMEK-T" 

ffifflft F-TJf 9 <?3TttttiMK^ H 2 <*> pffiTOt«j# 
aSC^l x 1 0 19 /cm3*1^2,J:3(:F-7i5: 

[00 89] i3Lh<OSOfc<?>»JB2(=*JV^T, iJ6Lfcp 
SMS H -7V1 9 Ul51^)flfi<WWWi WW* # 4 1 

(4. nmnmmi tmmvfo*). znmmzz. *>&t>tL 

[0090] -f 2^HKE^«^fcV^T, fix 
#Ffi§it fc LT t> 4 V ^ 2 fct* V » 

[0091] vxknmm<mm2nmm i mim z ?v 

<4. *SH8fc*iJt*»4U^JKBi:UT, pI^^'/F 
W8. pffiffi»KF-:rJi9&tfp£3V*?Hil0 
<03®iatt5(t* P^RK«Ji«K<iOW« t , H— 
T. filKP-7, *«KK-Ti:L^«^fc:ov^T» 

<it P sfiisus K-rJi 9 <?) p w^wmm: . pi 

?7-y HJf8St^pa3y^^h®l 0 4 9ffi<t£5£ 

u *^-ec7)pSffiiejSK-rs9(ct3(t'i»«/hpa : ^ 

ttftftl&ftt 1 x 1 0i9/c m»5feS»fc:$:4 4 o Hz-tftH 

pSWfMShpMri^^hjll OcOpS^W 
£(4Ih|— Ci4^U Pl^5'y KJ180PSW&IJB 

m:pm.iv 9 7 vm\ oopffl3ra«i«£j:o*< l 
«ttas:fflv^^ict3^T(4, »mwff£«<-r*.r 

WHS. f^ffl;&&tf»«B£E£ 

■cs*. xmuzfahmiVfamBimTii. ppj 

540 7 9 l^ie»$ixTV^4^fc. StfBJ&ft&fc 

■?zttz£<9, pwiz^zjjmtfmfbtiz. 

[0092] 



(4iixlcRB^§^^. 

[£ftBI l ] H l *7Efc:iat« 1 fcovvcROT* . -7 
77-^7 (CM) iv'SrSlSl £MOVPE<59£OB# 

«rt(=-fe-y b u ««oa«* 1 0 

[0093] (A 7 7tI2) «Wt, &g£ 5 1 0°C 

kTMG(h'J^f;WJ^) 3£«1_B: 
GaN4 05r*>'^-x7r«2S:^l 0 OXVfXhn- 

[0094] (7yl«-7GaNl3)A*777i2S 
TMGc7)^it*6T. iSJg£ 1 0 5 0°C£T±#$ 

**. i o 5 0*0^-3^^, mt<Mm*/MzTM 

G. r^t^r^ilVi. 7yK-7GaNf3?: 

1. 5jum<0|&Jrej£:&$-£*. 

[009 5] (nIny?7M4) ggWC 1 0 5 0°C 

XfXtZisyytfAZRl^ Si £ 4. 5X10 18 /cm3 
H-rL3tGaNJ;0 : 5r*narjy^^bJi4S:2. 2 
6 5;um<7)Jg|J¥T*J&S:£-£&. 

[0096] (nmmi&mwuB5) xx.i'jytfxn 

^Sntto. 1 0 50°CT'. TMG, T^— Ttf^Srffl 
^. 7^P-7GaNi»^ST15 a£2 0 0 0*V 

y^'X^mMLS i £4. 5X1 0»8/c«»K-TUfc 
GaNK^+raiSblrSO AcT) 

agtcTT y K-7G a Ns&»4>=fir*JtJi 5 c 5 0 ^"^ 

3 5 03j->^ha-A«0JBl#JifflMi5?&^fiS* 
*. 

[009 7] (nS»2^JBK«6) PI«coia« 
T. T>'h--TGaN4 0 : 5r^»m4OM-f^¥»**$- 

4 0^-^^'xhc3-A^$-ti-» <jc(ciftK*8 0 0x:K: 

LT. TMG. TMI. 7y*-7*fflV\ TV F— 7° 
I n 0 . 13 Ga 0 . 87 N4 D : 5r*^3c7)^t;^l4 i ^:*«2r 2 

IftOiiU. jB4+»3<0«fr3ffitci 0»o'o«ii$ 
ii\ *f^GaN4 0'5r-5.^4^a'ft;tt^*/iSr4 0 

nmm2§>mmm6Z6 4o*vyxhu-j±commx' 

jfc&S-tt*. 

[0098] (Sttii7) Jfc(c. T^K-rGaNiO 
* KSS ?:200^mhD — AOlWCttA 5 
tV^iSSI8 0 0-CtcLT. TMG. TMI. 7 
yt— 7^fflV^7VK- ri no^Gao.eNiO^r-l.* 

pm*3o*vy^yu-j±cr)mwx"'f$L%:Zith. 
xmm+#-F+mm+#r • • • • +n«s<ojBT«a« 

£5S. #F«^4*. 3S(C««LT. SRil 12 
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[0099] (^wmv-y^mmpM^yy 

8) iJiTtC, i&gl 0 5 Ott'TMG, TMA, TVt- 
7\ C P 2Mg (y^o^y^-z'xz/l-v^^A) 
SrfflV^ MgJ5Xl 0 19 /cm3 H-7LfcplA 1 0 . 2 

Ga 0 . 8 N «t osrsssi e>&im*mftm*4 o*yy 

LT, TMG, TM I , Cp2Mg£fflV> 
MgJ5X 1 0 19 /cm3 F-7Uc I n 0J jGa o .j,N 

sftstemtom* 4 o ^-v-^x h o-a wjh»t«*s 

8£3 6 55fyi/xha-A«oPJf-c-^;*$ii-2.. 
[0 100] ( ffiifUg K -y°V> p Sfti&g K -TJB 9 ) 
livvt, 1 0 5 0°C-C\ TMG, T^-TSrJBW T 
y F-T<7)G aN±04ip SffiitS H 9 £ 2 0 
OO^y^hn-A^JK^TifcKS-tt*.. £f5ffi«K 

*\ «t>MK-7-^lIpI?7 7 H«8(Ch'-r$ 
flTV^Mgtf, ffiffiJgF-Til 9 S^fii 
U $^tTIEO^igeF-rWpM3^^^h®l 0 

fl^MS^aWJ-Cli. 2xl0 18 /cm3^^|, o 

Hi^M g-iusi: mmmcomz^iK Pi? 7 -y H 

lOtm&LX^httiS. (pI3^? hill 0£i£* 

§ -it i. it bu ) t<io m g m&mmMim zak-t . 
[0101] (jeasK— rcopSa^^^FJiio) 

JtWC, 10 50'Ct. TMG, Cp2M 
gSrffll^, MgSr 1 x 1 0 20 /cm 3 K-rUGaNi 
O^pIn^^^MlOSr^OO^y/XhD- 

[0102] rasm^, iBjs*asa*TTtf . $ 
x;tt=-u p^£3 6fc«aafMM- 

[0103] T--'J *7x 
flXDJiJL, iJJ<7)pl3y?7MlO<?«B:fS 
comi<V-?A7£mm.L. RIE (Rfctt-fsj-yx-yf- 
v?) glt'pl3y^;Mioi*^x 7 f>^ 
*tV\ 01tCSrTJ:3fcnS3y^^hJi4^)*®£SI 

[0iO4]x7fy/t, tiJitsspl^y^^ 

FSl 0O{5(5'^;ffitcM/S2 0 0^-y^Xho-^cON 

i tAu**tfa3tett<op«ai it, ^-copmsi o 



^itCtf^x^^fflcOAui^&P^'y K«fil 2 
£0. 5jum«§|ffT"IM-t-S.. x-y-^^fcj: 
OStfi^-tir/inSrjy^^ bmicoi&ffiiziZWbA l £ 

[0 10 5] ^OLED*^(i)II^-[ia^:gE2 OmACfe 
Ut> 5 2 0nmO*6»ft»Jl££*U Vf«3. 5V 

VfT-1. OVi£<ffiTU aj7J«2. Oftia±{=l*I± 

niis.^pii<7)=s-«aj: oawrsi^^cmffs-jD^ai 

[0 106]=Sr:fc, fiaw>LED3R^<!0««{i. GaN 
£ VftZm I CD'*-/ 7 TmcO±.lZ^ TyV-y°Ga.N£ 
*)%Z>&2cr>^>yyTm. Sib'-rGaNiO^n 

rainy?? i-ji, g%m tm-o&ms.ttwmm* 

OSrSvStt*. f-OTgK-TAlo^Gao.sNI, 
MgF-rGaNHiipMa^; b«£»C«if 

[0107] im&m2immuzts^x.%&m7 
zMTnxoiz&t&mzmmzLXLEDmttfm 

2 5 0*>'7Xhu-J±<7>mmX'$Lg:-£it. »^TM 
S-80 0 < C^L-T, TMG, TMI, TVt- TSrffl^ 
7VH-ri n 0 . 3 Ga,.,N J: OSr&^FJlS- 3 0*>- 
^ho-AcDjg^T'J&IIS-ttS. * LTPf fi+#F+ 

p§m+#f- • • ■ +wsL<nmammt:7m. #fji 
£6e, ^mzmmtx. mmmi 9 3o^^xhn 

#£>iX*:LED3l^l±, Ji*l»r«a2 0mAtj3U 
T , 4 7 0 n mOfcE*fe?Bt£^ L , mtm 1 £ BH*fc: 

[0108] mmM3i mmnzts^x. mw§7 

J; o fc^Ci 3>fBlJi|I|8HC LTLED m^F 

Uc. 

(vstt«7) aac. 7^f-7g aN xozmmmz 
2 5o*>7xhn-j*commx'f$,M:2-<±. wt^xum 

SrSOO'CtCbT, TMG, TMI, TV*:— TSrffl^ 
7>K-7I no.sGao.vNiO^'&WFiiSrSO^-y 
^XFo-^cOflSfT*««$-»*-«.. ^LTKM+#F+ 
KS+#F- • • • +l^gO)ilT-KfiJl£6ii, #F« 

-Ac75^-ma^#F«Jti: 0^^»vS14*7 £i£il£-t2- 
5. ft^tL^LEDH^ti, )II^rfS]«aS2 0mA^t5^ 
T , 4 7 0 n m£OM*fe^£* L , ^*fi^J 1 1 mmz 

[0109] mmm4 ] mmm 1 ic^v^t , 7 
^ot^ «t o iz$zz_ h mtnmz ix l e d zmi 
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2 5 0 ^-V^X h D-A<7))gjrej&ft£-t4\ a^TSK 
£80 O'CtcLT. TMG, TMI. T£JHV> 
T^K-TI n 0 . 35 Ga 0 . 65 N < l;0 : 5r^#Fii$r3O3r 
y^Aho-A^flgJrC'J&g S-fr*. -eLTKS+#F 
+|5fig+#F- ■ • • +WtOJtTfMMit7Ji. #F 
B£6e, XSCWILT. ISRffl 9 3 Otfv^h 

T. 5 0 0 n mtf>W»fc»je£ij*U HM0<J 1 H«£ 

[0110] [9HfeH5] Wtfif!Uc*JV»T» SttJS7 
£ JiTFO J: 3 tc^ i. & imPHHc LT L E D &7 £ fHK 
Us. 

(j£ttJf7)%(C % TyK-TGaNj: O^^KMB^r 

£8 0 0t:KLt\ TMG, TMI, T^t— TStJIV 
TVH— n n 0 .3 5 Ga 0 . 65 NJ;9 : 5:&#FJf£3 03" 

+Ptfi+#F- ■ • ■ +PW»JrcWMI*4*. #F 
g£3Jf. SSKSMLT* fgJKifl 0 9 0^/Xh 

4. H^il^LEDSfii, JttfiT*nE62 0mAfcStSV> 
T. 500 nmtf>1HMyfe}fc£ij*U USS^Jl 

[0 111] [9tMfM6] fHfeffUiCtiVVC. n{Slf&2 
*JMMI6tl«««*firVMft(4H«fcl,TLEDSIS?-«' 
MLt. i^LED . gffcffl 1 (cJt^^ 

[0112] [56»W7 ] gfflft 1 fts4$wr , ^ei^p 

5 -y vmszyrcox o [z^^mmm^zLx L 

EDff^f^Lfc. 

(*-IpS77 7K18) Sftl 0 5 0WTMG, 
TMA S TV^t— 7\ Cp2Mg (s^n^S^jAx^ 
/UV^i^A ) SrfflVK Mg£5x 1 O^/cm 3 F— 
rlftplA 1 o. i 6 Ga 0 . 84 N «fc 0^4#-IKpa^5 
■/ Ha 8 £ 3 0 0 ;t }- n-A<9JKJrC'jfcg£ 

[0 113] [ItSfefiajS] SfcttWlfcftwc, nf^y 
^^M4tnl^l £JMBJi 5 fcJJlTO J: 3 fcs#K* 

tsatr tmtmtz lx l e Dmttmt Us. 



X. ngnsv^MMSrJitSS-lf*. 
(ni^l^ill5) mz-sjytfXnX-Zitib. 1 

0 5 0°CT\ TMG. TS^-Ttf.XSrfflV*. 
TGaN3&^^r4Tii5 aSr3 0 0 O^y/Xhn-A 

LSi£4. 5xl0 I8 /crfF-7UGaN*^^ 
4 5b!:300^y^h n-A«Ifft^« $ 
•t2\ Hfc^vvC^y^O^iLtf), m&mzXT> 
H-TGaNWjrSiiScJSO^ynhD-A 
OPJf T«««5 3 ISIKJg 3350^11 
^HH»5£j&f|£-e&. > H^LEDffd SIM 

[0114] [H$t0IJ9] 53t0!8(C*iVvt. nl3> 
^?M4«0if^4. 1 6 5;umi; L/C. 
GaNl3. niny^^h^a^niSlfiil 
5*>£H-<3JK*&6. O/zmfctiflSttBRCULE 
D*^ Zftm-?%> . »6*tfS L E D^(i. g?«Iffi# 
USEWI 8 i 0 ^>JI*? t % & if- . HSfe^J 8 1 ( iarHSSW 

[0115] [HJgtffl 1 0 ] HSfi^j8(cfc^T. p®{£ 

iiis Y-vm 9 omm £ 3 0 0 0 v v-mz 
u p w&ws. v —y°iw 9 tfoiw g mmwrn 1 x 1 0 18 

fefufcLE Dffli. JlS£ffl8 1 naucAff^tiMbm 

[0116] immm 1 1 ] mmMsiz&^x. +iiug 
■av«2<oafl;!ftim»*wi<oM gifus^ ixiov 

cm 3 i; feilSF-r^ip®^^^^ hSl OcOMg 
m&Z 5 x 1 0 1 9 /cm3 L , HtCffiiiUK K-r« 9 W 
MgM^IJffl x l 0i»/cB9fcsSrSffiJ±H«K:LT 
LED*?£f»W4. »4>ilfeLED3B^Jiiat«8 

[0117] [HM^J 1 2 ] |Q6W8fc:fcifVt . 

s^Mgjg^^sx i o i9 /ctftL. ^2<r>mim^ 

■fM%¥»ttS 2 <oafl3ft*»«« t *» 4. p m 
7?y VM8*mf&-tZ>mifflmizLXLEDm*$:m 

WMgMii2xio is /^w). mKoffimt 

H— rS9<OMg«ftK<OS®ffi{i3X 1 0 18 /cm 3 i:^- 
0. «?S^h'-Tc7)pS3y^^ hflii OtfOMgaiSti 

1 x 1 020/cm3fc^4. »6*lfcLED*?li. ^Sfe 

[0118] [^Mflaj 1 3 ] mMM 1 tcfcV^T. p®(S 
jft£h*-rS9£. TMG. TMA, T^-Tf-ffl 

JK/I1 0 0 0^-^^Xho-AuOA 1 o. 05 Ga 0 .95 
N*»6$r4 pMtgjftK h'-7°S9 Srj«*$-fr6fl!i«H« 
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EDit mmi timmmfc&ifr%mm&'&t>tL2>. 
[oii9] [HSSPU4] mmiiz&^x. P is 

i8SK— TJf 9<7Dj£ft<OlSfC TMG, Cp2Mg. T 

1 0 18 /cm 3 i:^r§J;9(CCp2Mgc7)^'X^5fLl;$:P» 
tT. Ml?2 0 0 0Jj-y^bo— ACDGaNA^&S 
pS<Sii^K-7°®9?:^«$-li--2>fl!lii|5l«(cLTLE 

[0120] immmi 5] mmmsizts^x. pii 

$§JgF-T89tfDJB£J¥£l OOO^y^bn-At: 
U pM®ffiSK-r«9^*t.fflK^<SV^^Mg 
4X1 O^/cvPttc&mmMlz^X 

[0 121] CHSSW1 6] mffiM8lZt3^X. n!3 
hMAComW-i. 5. 165/im, 7. 165// 
mfcU 7*>"F-TGaNJ13. ng3^7M4S 
l^nM^l^SM«5^ftOPJ?^-enm7. Ow 
nu 9. Oumt-t&m&mWi< l ZLT2mcOLEDm z F 

[0122] mmmi 7] mmms^za^x, 

H-7*^1IpI?5 7 FJI82rT:xF— 7°<0A 1 
0 . 2 Ga 0 . 8 NJ:9&£SiU^SftW^tt;ii:. MgJ 
5X1 O'Vcm^'-riTtl n 0 . 03 Gao.97NJ; 0 

fcL HM^J8J:(5(5-|i|^co^tt$r^. 

[0123] [*jsfji 8] msm^z^x . nmm 

l§rmmM5tiK 7y^-rGaNi!i^S30 0 0^ 
y^Xhd-M.cr,mm<7)Tm5 at. 4. 5X10 18 / 
cm 3 H-rLJt3 0 0*>-/X Fu— Ac^UffcOA 1 0 . i 
Ga 0 . 9 N*^^rS4iSil5b 7yH-7GaNA> 
Mr* 5 0*>7'Xhv-A.cr>mm<V±m 5 c h SrfiJc* 

2itx%z>mmmizLXLEvm : ?z{mi-z>. %h 
iiJtLEDfffi, 9mM8tmmm<?)tmttL. 

[0124] mmmi 9] m&msiz&^x. nii 

l^«JKS5*\ T> F— 7°A 1 0 _ j G a 0 , 9 N 

3 00 0^->^'Xhu-Acr,mm<7)T9 5 at. 4. 5 

x 1 O's/cm 3 F-7°Lfc3 0 0^^Xhn-A« 

7A 1 o.jGaj.gNH^I. 5 O^V^'X Fu-^(7)ffi| 
«t<D±S 5ct ^jS;^$-ti:T=5r^ffi(i:l§Itt(c LTLED 



[0125] [»«f(2o] mmmsiz&^x. nmm 

l£JUU15rt>\ TV K-7A 1 u Ga M NHW 
300 0^>-^ha-i,c7)MIlOTe5ai:. 4. 5 

x i o i8 /cm3K -7*1^3 oo^>yxhn-Jx<nm. 

m<7>GaMrh*j:hr¥r&m5bb. 7yh'-7GaNA> 
5 0 ^V^X F n-A<7)^ffc7)±« 5ct ZtfiM 

ZitxK&mmmz lx l e d«^f ^^ss-ri. . 

futLEDffi^ti, ^Sfi^J8t(5a'|5]^1t14$:*L, 

[0 126] [^SICT2 1 ] HJSCT8^V^T. nffln 
>-;5>?FJl4£. Si 5:4. 5 X 1 Oi»/cm3 F-Tl. 
fcA l 0 . 06 Ga 0 . 96 Nc7)^S4. 1 6 5 ;um h-t&ffey: 
R8HcLTLEDfft^£#*!-r&. !#WcLED*f 
<i, ^Sfe0IJ8t(I(J'|B|^O^1±&^-r. 

[0127] immM22i mmmiizn^x. nmm 
i&mmm5t,z^z_x. t^f-tog aNfrt>%&m 

11500 F v—A.cr>M—T> F-7°g£J£j£ 

■t&mi,&mmt,zLxLEDm : ¥-zim-f&» &t>tit:L 
EDifii hs6cti izit^x^imm&tf&T-tz 

[0128] [^m^J2 3] mmmiizn^x. nmm 

2&mmm6£. TyF-TVJGaNjzOSr&ISM^S 
im^Wmt . S i 2: 5 X 1 0 ^/cnP F-T Ltl I 
no-nGac^NiO^S^B^lftft^li:*^ 
&&^ifllh^&fl!l!i|5l8H;: LT LE Dm^Zim-t 
h. #<biX/cLED*^{±, ^MfJl t{5(3T|5l^O*^ 

[0129] [W£CT2 4 ] HSS0I2 4"CU\ m&Ml 
tcfe^T. pM<RS«F-r«$:, if5 0^y/Xh 
D-i«7yK-7A 1 0 . 05 Ga 0 . 96 N£:Jlt«5O:*:x 
F u-AcDT > F— 7°G a N Sr^Slcmif -f & £ t 
fcj: 9£ftcoM«**2 0 0 OXvyxhu-Mz+ch X 

0 IztetfL LfcJSWi. HSfe^J 1 1 |a|«fc LTLEDSf 
£f£S!L*:. iOj;9tCt-Cfmt^Jfe«2 4cOLE 
DSHHi. ^SS0l]li:{3{JW^*^1ttt&^tTV^ 

[0130] [»60ij2 5 ] mmm2 5-eti. 1 

icfcvvt. pI75'y F«OpM^»iRS$r 1 x 1 0 
2°/cm3, pSny^i?FJi^pS^*S!BgJ£$r 1 x 

1 O'Vcm't ^opaffijgJgF-7-JiOS^ai 
JK^'fiV^?: 1 x 1 Oi 8 /cm3*Pt Lfcl^Ki. 
^MCTlfc|5l«tcLTLED*^$-^tgL7t. ZcvXo 
lzLXimLfc9mm2 50LEDSTO. »Si?iJli: 

[0131] [»gfl?!l2 6 ] HJfeM2 6T'«. 1 
tcfcv^T, pI^77H1(^1pI1) 8!:, Mg$ 
5X1 0 19 /cm 3 K-7L^300*y/XhD-A 
<50iP$cOGaNT«L. pM«JIUKF-r«$r. Kff 

2 0 0 0 Jj- y^'X h a-Ac7)T V F— 7°G a N $rfflV">T 

ml^hi MftCT 1 1 mmiz ITLE ^ 
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mmimmwm?mi*^ lx v «s . 

[0132] [£ttffl|2 7 ] «Sfiaj2 7 HSfePfl 1 
CfcV^T. pl?5v KJf (Hi pit) 8£. Mgi 
5X1 O'Vc m3 K-7Lfc3 0 hO-A 
(7)S§<7)GaNt«L, pSffiSUSH-7°®5r, JPJP 
2 00 0*V/XhD-i(?)7yF-7A l,. 15 Ga 

LEDfg^Srft^L*:. icOid^t-CfmL^lt^J 
2 7 c7) L E D j&Ht , HJfcW 1 1 ifcR L T fBtetflTJ l&'J? 

rfMwmmmimmnmTtmz^ lx 
coi33] tmmm2 8 ] msm2 s-m. mmm9 

(JSttfl7) T>-K-7°GaNJ:>53:&P£MJI£2 5 0 

O'CtCLT. TMG, TMI, Ti^— T£fflV>T>- H 
-71 n,. 3 Ga 0 . 7 NJ:"5 J 5r4#FJi*3O^->'^xh 

o-A^)jR»Tj«fis-fr6. *Lxmm+j¥F+mm.+ 

#F- • • +Rfi<DW?«SJi£6Jl» #FS£5 
3c5£«BLT. fgJ8t/|£l6 5 0*>"^hu-A 

(pgffi«gK-7-Jf 9) TMG, TMA, T^-T 
5rfflV\ 7yK-7<0Al,., 6 Ga,. 9 5NJ:948pI 
ffii&K H-rS 9 £ 2 0 0 0 * Vi/X h u-A<9J8|/re 

-rcopSfi3UKK-r*9<ogiMgatK 

^ffi^gfrfr^SiKti. 2X10 18 /cm'tfcS. ^<7) 
J: o lz LTf^M tf^Jfe<5"J2 8c7)LE DSftTO:. JlJfctfiJ 

[0134] [^SS^"J2 9 ] mm.m2 9 HS60"J2 
8 lz& v . SttS 7 i a t=#j* UfcI2OTtt , ^ 
S60!l 2 8 4: |q«t(c t X L E D fit-? Zfm Liz . 

(S14S7) 7^ a N i ^illil^ 2 5 0 

O'ClcLT. TMG. TMI. 7yt-7^fflU7yH 
-71 n 0 . 35 Ga 0 . 66 N±'5^S#FiiS-3O^V^ 

+#F- • • • +f$fi<0J<rei$ffiJI£7Jf. #FJ1£6 
S. 3£5W1*LT. giI1 9 30*y/XhD-A 
*>#«*F#Flf»J: 93r£$SttJi7 . J2JI 

±Oi 3fcLTft*3*UfclB«W2 9(0LED«fli, 

mmm 28 1 nv^jifftiR?W£&w lt v ^ . 

[0135] [&tfcft3 0 ] 236013 Hife(5lj2 
ifei5"J 2 8 i: [BjttlC ULED *=F-*f^R Lfc . 



(vStt®7 ) 7yH-7GaNJ: OSr&PfMS £ 2 0 0 

othclt. TMG, tmi. r^-TifflnryF 

-TI n 0 .,Ga 0 . s Nj:0^#F15:3O^y/Xb 
o-A<oBy»TJfcft§-£4. <etTPfM+#F+PSS+ 
#F- ■ • • +P$fi»Wrcf$M«£5Jl. #FS£4 
if. 3<5^a«LT. JgRiPl 1 2 0^y^hD-A 

^sjtF#FM»J: 9**^*7 jh 

HSfifiaj 2 8 i: |SI^<5Dil*f Srfg^WttSr* LT v vfc. 
[0 136] 

xti&. imwfj±zft±z-£&c\t&xz. mm^izj: 
[ai] *m*v~mM<mmx$> sLEDf^f 

iI£^ir}g5S:Bfiffi[aT'£>&. 

[02] ^^coffifflKF-rsi:. znmizmz? 
w?>?7 h®ft<npM?pmmm<v£it<7)-ftmz'o^ 

T. ^t<vm=F£^Ltzm&m%:777X'$ ) Z> . 
[03] pIfl^H-7i<^WIWKfc:«t4¥ 
( 1 0 OW^^T/KW^) 2r^-f^57 

1 • • •^■yr^rmm 

2 . . . y>'-y7rii 

3 • ■ • TV H— 7°G a NS 

4 • • • nl3^? 

5 • • • nSmi^aMil 

5 a • • • T^V—TCOTm 
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